Jeju Island is the largest is the largest island in Korea. The island has not enough generation facilities and a large amount of power should be transferred from mainland to Jeju Island through HVDC transmission system. For the analysis of Jeju Island power system, a proper simulation model is necessary. In the power system simulation, there are two types of simulation model. One is based on an instantaneous value and the other is based on a RMS value. In this paper, an improved HVDC electrical controller simulation model based on a RMS value is suggested for large power system simulation.
Introduction
HVDC transmission system and technologies continue to advance as they make their way to commercial applications. Many studies for the HVDC system have been carried out for many years. They were based initially on thyristor technology and more recently on fully controlled semiconductors and voltage-source converter (VSC) topologies [1] . The Jeju Island is the biggest island in Korea. The island which is connected to the mainland through a 2-ckt CSC HVDC line has an interesting characteristic of being operated by the frequency mode. Owing to several factors such as the increase in the load demand and wind generation, a second HVDC line with similar characteristics as the prior one is under construction [2] . For the power system analysis, the accurate HVDC simulation model is necessary. Generally, there are two types of simulation model for the purpose of analysis. One is based on an instantaneous value and the other is based on a RMS value. The second one is usually used for the large power system simulation due to the simplicity of model. PSS/E, which is one of the power system analysis tools, is very good simulation tool for the large power system analysis. In PSS/E, there are HVDC model and HVDC controller model. In this paper, an improved HVDC controller model available in PSS/E is suggested for effective and accurate power system simulation. And the suggested model is used in the Jeju power system simulation and its results are analyzed in case study.
Jeju Island power system
In this paper, Jeju power system is used as test system. Currently, Jeju Island receives around 150 [MW] from the mainland through an HVDC #1 line [3] . The location of HVDC #1 is between Haenam and Jeju Island. HVDC #2 is scheduled to start the commercial operation in 2013. Its total transmission capacity is 400MW. The location and substation is seen in Figure 1 . The generation facilities in Jeju Island are composed of 3 elements, Jeju Island's thermal plants, wind farms and HVDC transmission from the Korean peninsula. These three elements cooperate to provide power to the island system and the proportion of the power supply is adjusted considering the seasonal and system conditions. At the moment, the frequency regulation is fundamentally being conducted by the HVDC #1 line [2] . There are 3 elements that determine Jeju system's active power margin: the active power margin of the HVDC line that is operating in the constant power mode, the active power margin of the HVDC line operating in the frequency control mode and the spinning reserves in the Jeju region. In the case of Korea, since there are no regulations enforced on the FRT(Fault Ride through) function, when there is a fault, the wind turbines' contribution to the frequency restoration is minimal during a fault. The mentioned contents are being arranged in the figure below [2] . Figure 2 . The real power supply in Jeju Island [2] 3. Auxiliary signal model HVDC system is a complex structure. Therefore an electrical simulation model of HVDC is also very complex. However, it takes a lot of time to simulate a complex model like HVDC so it is not suitable in a large power system simulation. Also a result of simulation based on 3 phase is usually not necessary in large power system simulation and a result of simulation based on RMS value is enough to analysis a large power system. So a properly simplified HVDC simulation model is necessary in a large power system simulation. PSS/E, which is one of the power system simulation tools, is used to perform a simulation of HVDC in this paper. PSS/E is based on a RMS value and its simulation can be performed quickly. For the HVDC simulation, PSS/E offers some HVDC line models and HVDC controller models. Figure 3 shows the HVDC control model in PSS/E. HVDC controller models play a role of frequency control. HVDC system in Jeju Island has unique characteristic about frequency control. Inverter station of HVDC has an ability to control the system frequency. So a new HVDC controller model is necessary to perform an accurate simulation. In this paper, an improved controller model including PI control block is suggested for simulation. Figure 4 shows the suggested controller model. Table 1 . The specification of HVDC used in this paper is shown in Figure 5 . For the comparison, the stable cases are chosen in this chapter. As seen in Figure 8 , new (improved) model is faster than old model.
Conclusion
In this paper, the improved HVDC controller model is suggested for large power system simulation. The improved HVDC model using an additional PI controller has an ability to control the remote bus frequency efficiently. The power system of Jeju Island is used as test power system because there is HVDC transmission line between the Korean peninsula and Jeju Island. Case studies are carried out in Jeju Island power system. It is expected that the suggested model can be used to simulate HVDC system in large power system.
